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 i 
Abstract 
This project investigates the performance benefits of polysiloxane and polyurethane 
coating systems for corrosion protection in marine environments. PPG Industries Amercoat 
450H and International Paint Interthane 990HS were the polyurethane topcoats tested. PPG 
Industries Ameron PSX 700 (New Blend) and International Paint Interfine 878/879 were the 
polysiloxane topcoats tested. Each coating was sprayed onto carbon steel panels that were 
prepared through hand blasting with glass beads. Scribed and unscribed panels were tested in 
a salt fog chamber for 1,200 hours according to ASTM Standard B0117-11 and in a 
UV/Humidifier for 1,650 hours according to ASTM Standard D4587-11. Panels were tested for 
impact resistance according to ASTM D2794-93R10. Panels were also placed at the Cal Poly 
pier for over 3 months. In Salt Fog Testing, both PPG and International Paint polyurethane 
systems outperformed their polysiloxane counterparts. Polyurethanes also performed better in 
gloss retention at 93% for Interthane 990HS and 85% for Amercoat 450H. Impact test results 
concluded, on average, that Amercoat 450H failed at 33 in-lbs, Ameron PSX 700 (New Blend) 
failed at 63 in-lbs, Interthane 990HS failed at 31 in-lbs, and Interfine 878/879 failed at 41 in-lbs.  
Testing will continue at the Cal Poly pier through NACE at Cal Poly. 
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1.0 Introduction 
Coatings are the primary mode of protection against corrosion for above water structures 
in marine environments. There are many coating systems which are used in various marine 
applications including bridges, offshore oil platforms, piers, and boats. The formulas for these 
coatings have been developed specifically to provide maximum durability and corrosion 
protection against extremely corrosive marine environments. The purpose of these coatings 
systems is first and foremost to protect the structure or boat from corrosion.  Various coating 
systems have been developed which provide protection against UV light as well as corrosion 
resistance. 
 In any corrosion protection project, the particular application must be examined for 
selection of the coating systems. For marine environments, a three layer protective coating 
system consisting of sacrificial zinc rich primer, barrier coat epoxy, and polyurethane topcoat, 
has been the golden standard for above water corrosion protection.  New polysiloxane coatings 
have recently been developed, whose performance is supposedly better than polyurethane 
coatings. This project seeks to determine whether the increased performance of the 
polysiloxane coatings warrants their use over the standard three coat polyurethane system. 
 
1.1 Marine Coating Systems 
Above the waterline, various coating systems are used in all types of applications.  The 
most robust of these coatings systems is a three coat or four coat systems involving a primer, 
epoxy intermediate(s), and in exterior applications, a UV resistant topcoat.  Recently two coat 
systems using only a zinc rich primer, and a polysiloxane topcoat have also become available.  
For shorter term use, a one or two coat system of only zinc rich primer or epoxy may be utilized.  
 
 
Figure 1. Three layer system of primer, intermediate, and top coat1. 
 
All of the layers in the coating system work together to provide maximum resistance to 
weathering and corrosion. This results in increased service life and lower maintenance over the 
lifetime of the structure. 
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1.1.1 Primers 
An organic or inorganic zinc rich primer is used as the first layer of protection in an 
above water marine coating system.  The primer cathodically protects the structure by 
preferential corrosion of the zinc, thereby achieving sacrificial protection of the structure.  This is 
achieved by adding zinc to the coating. These primers considerably extend the life of a coating 
system by providing a binding surface and zinc’s sacrificial protection.  Without a zinc rich 
primer the steel will rust, forming iron oxides which have volumes two to three times greater 
than steel.  Corrosion resulting in the large volume steel oxides will cause paints to blister and 
crack, ultimately resulting in failure of the coatings system.  Zinc oxide and zinc hydroxide, on 
the other hand, have volumes only 15-20% greater than zinc.2 Corrosion of zinc results in the 
formation of smaller volume zinc oxides which expand to fill voids in the coating, but do not 
expand to an extent which causes blistering and coating failure.3 
It is possible to receive corrosion protection using only a zinc rich primer.  However, 
additional layers of paint help provide more protection between the steel substrate and the 
environment.  It is also generally true that an inorganic zinc rich primer will provide better 
corrosion protection than an organic zinc rich primer.  
 
1.1.2 Intermediates 
 Intermediate epoxy coatings help to protect steel by isolating the substrate from the 
environment. These coatings prevent corrosion by preventing an electrolytic bridge, an essential 
part of a corrosion cell, from forming.  These coatings have excellent adhesion and are 
extremely water resistant.  However, they are susceptible to UV weathering and lose their gloss 
when left in the sun.  For this reason, a UV resistant topcoat is useful in long term applications. 
Epoxies are thermosets prepared by mixing dissolved resin with a curing agent just 
before application.3 The resin contains the pigment and the solvent and is usually a glycidyl 
ether type while the curing agent is usually a polyamine or polyamide.3 Polyamine produces a 
tighter, more chemical-resistant coating because it is a smaller molecule than the polyamide, 
which produces more flexible and less resistant coatings.3  
 
1.1.3 Top Coats 
The purpose of a top coat is to be aesthetically pleasing, and to extend the life of a 
coating system by providing UV and abrasion protection. The cosmetic properties are especially 
important when coating structures that are seen often by the public. Polyurethane top coats 
have been used with solid results and can provide coating systems that last 15-20 years.  
Polysiloxane top coats and fluoropolymers have been more recently introduced and have been 
found capable of extending the life of a coating system past 20 years.4 
 
1.2 Failure in Marine Environments  
There are many forms of corrosion which can cause failure in marine environments.  
General uniform attack is the usual mode of atmospheric corrosion in metals.3 Less common is 
localized attack such as pitting. Galvanic corrosion can occur if dissimilar alloys are in contact 
with each other.  
Factors which influence atmospheric corrosion are humidity, presence of pollutants, and 
temperature. Humidity deposits thin layers of condensed water necessary for electrolytic 
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transfer.3 Pollutants, such as salts, accelerate atmospheric corrosion. Temperature has a variety 
of effects on corrosion, and can result in an increase or decrease in the amount of film 
condensation, thus stabilizing the electrolytic bridge for electrochemical corrosion.3  Additionally, 
marine atmospheres contain 3.5% NaCl which increases the electrolytic nature of the 
environment. Because of these factors, maximum corrosion rates occur in marine tropical or 
semitropical areas.   
Coatings commonly fail through chemical mechanisms such as penetration of reactant 
species such as water, oxygen and other electrolytes. Two types of failure in coatings are 
cathodic disbondment and oxide lifting.3 Cathodic disbondment in the salt fog test is caused by 
the formation of alkaline OH- through the cathodic reduction of dissolved oxygen causing 
defects such as pinholes and voids.3 Beneath the defects the anodic reaction of Fe→Fe2+ + 2e- 
and a cathodic reaction with water occur.  This results in the coating disbonding at the interface 
between the coating and the defect.3 Disbondment can occur both due to both macroscopic and 
microscopic defects. Oxide lifting happens when anodic corrosion products gather beneath the 
coating and compacted oxides lift the coating causing undercut corrosion.3  
 Mechanical damage can also cause coatings to fail.  For instance, impact or significant 
abrasion can damage the coating causing it to crack or flake and fail.  This type of failure then 
makes the coated surface further susceptible to corrosion and blistering or rust creepage. 
 
1.3 Polyurethane Coatings 
Polyurethanes are one of the most widely used top coats, and have been found to 
reliably retain their gloss for 15+ years. These top coats have been the gold standard in the 
industrial coatings industry for years, and only recently have been begun competing with 
polysiloxanes.  Polyurethane has an isocyanate backbone and is formed through a reaction of 
polyol and diisocyanate, or a polymeric isocyanate (Figure 2).4  
 
 
Figure 2. Diisocyanate and a diol. Note cyanate groups in blue5. 
 
The urethane product polymerizes and is crosslinked by further isocyanate groups and hydroxyl 
groups.3 
 
1.4 Polysiloxane Coatings  
 Polysiloxane’s use as a coating began as a result of the commercial availability of an 
epoxy siloxane hybrid created by forming an interpenetrating network (IPN) of epoxy and 
polysiloxane.  The significance of this hybrid was to replace the three coat system of inorganic 
zinc, epoxy intermediate, and polyurethane top coat with a two coat system of inorganic zinc 
and epoxy siloxane hybrid.  This polysiloxane system not only reduced the number of coatings 
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required, but also showed increased resistance to UV degradation and oxidation due to the 
strong Si-O bonds.6  Additionally, some polysiloxane coatings have significantly lower volatile 
organic contents (VOCs) than a traditional polyurethane coating, whose isocyanate groups are 
particularly hazardous.  
The ability to combine polysiloxanes with other polymers to form an IPN has increased 
polysiloxanes use as a coating (Figure 3).  IPNs have been able to overcome some of the 
barriers such as heated curing that were previously keeping polysiloxanes from being used in 
coatings.  
  
Figure 3. Formation of organic-inorganic IPN.7 
 
An IPN is formed when two or more polymer networks form an interlaced structure in 
which the two networks are not covalently bonded to each other.  The networks are formed so 
that they cannot be separated from one another without breaking the chemical bonds within one 
of the networks (Figure 3).   
For numerous marine applications, where a thicker coating is called for, an intermediate 
may also be applied between the polysiloxane coating and the zinc-rich primer.  This provides a 
greater barrier between the substrate and the environment and enhances the protection 
provided by the coating system. 
 
1.5 Realistic Constraints  
Realistic constraints that influenced the project were economic, health and safety, and 
manufacturability. The project was sponsored and funded by Chevron. In order to keep the 
project within its economic constraints, a budget was made for reimbursement of project costs 
including samples and testing fixtures.  
Health and safety was considered most heavily during the painting process. The 
coatings contained VOCs which can be harmful when inhaled.  In order to properly coat the 
panels, painting was completed in a spray booth by a trained technician at Crosno Construction.  
Because of constraints on the time and space available at Crosno Construction, only a finite 
amount of coated panels could be prepared.  
 
1.6 Impact of Engineering Solutions  
In consideration of the broader impacts these paints could have on society, economic 
and environmental factors were considered. The economic impact of this project revolves 
around corrosion costs, and corrosion prevention costs, which are considerable in marine 
environments.  The environmental impact of the coatings has to be accounted for also, because 
spraying these coatings releases harmful VOCs into the environment.  
Corrosion in the U.S. costs about $300 billion per year for metals and is estimated to be 
about 3.1% Gross Domestic Product. 8,9 Costs of corrosion include replacement of lost metal, 
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maintenance, redundant equipment, inhibitors, coatings, design, and insurance8. Total annual 
costs for corrosion in ships, oil and gas exploration, and ports are $3.9 billion.  
Coatings help protect and prevent metal loss, essential to keeping longevity of piers and 
other structures in marine environments. There is a time and money cost when applying 
coatings to structures which must be blasted to white metal and and restricted to weather 
conditions and application availability. Coatings with multiple layers increase the cost of the 
system through paint and application expenses. Systems with fewer layers require less time to 
apply, saving money through reduced labor and material costs. The cost comparison of the 
particular coating systems tested can be found in Appendix A. 
Organic coatings release VOCs into the air during application. VOCs have harmful 
effects on the environment and human body. VOCs can combine with nitrogen oxides to form 
ozone which cause damage to agricultural crops.10 Depending on exposure, VOCs can cause 
nausea, headache, confusion, tremors or seizures, difficulty breathing, and even death.10 Health 
problems from ozone includes airway inflammation, burning eyes, exasperation, asthma, and 
respiratory infection.10 Companies all over the world are continuing research and development 
in low VOC coatings. This is a challenge as low VOC coatings have less gloss retention, 
durability, and hardness.11 The amount of VOCs found in each coating used can be seen in 
Table 1. 
  
Table I: Table of VOC Content by Coating  
 Material VOC (lbs/gal) 
PPG Amercoat 68HS 2.4 
  Amercoat 385  2.6 
  Amercoat 450H 2.6 
  PSX 700 0.7 
International 
Paint 
Interzinc 52 2.8 
  Interseal 670HS 2.0 
  Interthane 990 3.5 
  Interfine 878  2.1 
 
Environmental impact is reduced by using a lower VOC coating.  The lowest VOC coating was 
the PSX 700, and epoxy-polysiloxane blend. 
2.0 Sample Preparation 
 Carbon steel panels with dimensions of 3” x 6” x 0.032”, were ordered from Q-Lab 
corporation. The panels were chosen based on the panel size required for the QUV tester, and 
were used in all of the performed tests.  After being received, the panels were stored indoors in 
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the rust protective packaging in which they were shipped.  The panels then were taken to 
Crosno Construction where they were hand blasted, coated, and allowed to cure. 
 
2.1 Surface Preparation 
Sample panels were hand blasted using Skat Blast Dry Blast System in order to remove 
oxides, loose dirt, oils and other contaminants on the surface of the substrate, and to increase 
the adhesion between the primer and the metal.  Glass bead abrasives were used to achieve an 
average surface profile of 1.8 mils. A conventional grit blast system could not be used because 
the panels were thin and blasting with steel shot could have warped the metal. 
 
2.2 Coatings 
The coating systems used can be found in Table II and III.  Each Polyurethane system 
consisted of a zinc rich primer, an epoxy intermediate, and a polyurethane topcoat.  Each 
polysiloxane system consisted of a zinc rich primer and a polysiloxane topcoat.  The major 
difference between the systems was the use of an organic zinc primer in the International Paint 
systems and the use of an inorganic zinc primer in the PPG systems.  Additionally, the PPG 
polysiloxane was an epoxy polysiloxane, while the International polysiloxane was an acrylic 
polysiloxane. 
 
 
PPG Industries  
Table II: PPG Layers Used in Each Coating System 
Polyurethane 
Amercoat 68HS Zinc Rich Epoxy Primer 
Amercoat 385 Polyamide Epoxy Intermediate 
Amercoat 450H Polyurethane 
Polysiloxane 
Amercoat 68HS Zinc Rich Epoxy Primer 
PSX 700 Polysiloxane (New blend) 
 
The Amercoat 68HS primer provided by PPG Industries was a three part inorganic zinc 
rich epoxy primer. The Amercoat 385 intermediate coat was a two part polyamide epoxy 
intermediate, and the Amercoat 450H top coat was a two part polyurethane kit.  The PPG 
polysiloxane coating used was an epoxy polysiloxane, and also came in a two part kit.   The 
polysiloxane was a new blend of the currently marketed PSX 700. 
 
International Paint 
Table III: International Paint Layers Used in Each Coating System 
Polyurethane 
Interzinc 52  Zinc Rich Primer 
Interseal 670HS Epoxy Intermediate 
Interthane 990 Polyurethane 
Polysiloxane 
Interzinc 52  Zinc Rich Primer 
Interfine 878 Polysiloxane 
 
The Interzinc 52 primer provided by International Paint was a two part organic zinc rich 
epoxy primer. The Interseal 670HS intermediate was a two part epoxy, and the Interthane 990 
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and Interfine 878/879 were both two part top coats.  The International polysiloxane was an 
acrylic polysiloxane. 
 
To prevent corrosion between hand blasting and coating, the panels were stored indoors 
and were sprayed within 24 hours of being hand blasted. The full paint kits were mixed with a 
Westward pneumatic air drill and provided thinners. Mixing ratios were determined from the 
manufacturers’ specification sheets.  A 1.9 mm Warwick fluid nozzle spray tip was used with a 
Warwick 891H Pressure Pot and high volume low pressure (HVLP) spray gun.  Dry film 
thickness (DFT) was measured after each layer of coating (Table 4).  
 
Table IV: Average DFT of Each Coating 
International 
Paint 
DFT Average 
(mils) 
Standard 
Deviation 
PPG DFT Average 
(mils) 
Standard 
Deviation 
Primer 2.2 0.7 Primer 3.9 2.1 
Intermediate 8.6 1.3 Intermediate 8.9 1.5 
Polysiloxane 6.7 1.0 Polysiloxane 10.3 1.7 
Polyurethane 11.0 1.6 Polyurethane 14.2 2.1 
 
The table shows that the average total DFT of the International polysilxoane and polyurethane 
systems were 6.7 and 11.0 mils respectively. The PPG systems were moderately thicker with a 
DFT totaling 10.3 and 14.2 mils for the polysiloxane and polyurethane respectively. 
 
2.3 Scribing 
In order to simulate damage to the coatings, half of the panels used in environmental 
testing at the Cal Poly Pier and in the accelerated salt fog test were scribed.  The scribes are 
well-defined defects. This is a form of accelerated testing to verify the protective properties of 
the paints. Corrosion resistance of the coating is judged by the attack at the scribe. Undercutting 
is a common form of attack at the scribe. Scribes were made with a Lunzer Omniscribe diamond 
tipped scribing tool.  An ‘X’ shaped scribe was used.  In order to scribe through the coatings to 
bare metal, some of the scribes required as many as 70 passes with the diamond tipped stylus.  
 
2.4 Edge Protection 
 Additionally, 3M aluminum tape was used to protect the edges of the panels tested for 
corrosion resistance in environmental and salt fog tests.  The tape was applied around the 
edges of each panel so ¼” of the ½“width tape covered each side of the panel.  This helped to 
prevent any contamination from corrosion due to poorly coated edges. 
 
 
3.0 Testing Procedures 
Environmental and accelerated weathering testing was performed to compare the 
weathering properties of the polysiloxane and polyurethane systems.  Panels were tested 
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according to ASTM Standard B0117-11 Practice for Operating Salt Spray (Fog) Apparatus to 
test the corrosion resistance of the coatings.12   Gloss retention of the coatings was tested using 
ASTM Standard D4587-11 Fluorescent UV-Condensation Exposures of Paint and Related 
Coatings.13  
Environmental testing was performed according to ASTM Standard G7/G7M-11 Practice 
for Atmospheric Environmental Exposure Testing of Nonmetallic Materials.14 Samples were also 
impact tested according to ASTM Standard D2794-3R10 Resistance of Organic Coatings to the 
Effects of Rapid Deformation (Impact).15 Additionally, adhesion tests were performed with 
inconclusive results, discussed in Appendix C. 
 
3.1 Salt Fog Testing 
Scribed and unscribed panels were placed in a QUV salt fog chamber and were 
exposed to 1,200 hours of continuous 5% salt spray at a rate between 0.4 and 0.8 mL/second 
according to ASTM Standard B117 (Figure 4).12  
 
Figure 4. Schematic of salt fog machine. 
 
The testing chamber was shared with a class in the Cal Poly Coatings department.  However, 
there was adequate spacing so none of the panels contaminated each other with rust product.  
Three scribed and three unscribed panels of each coating system were placed in the salt fog 
machine (Figure 5). 
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Figure 5. The panels originally loaded in salt fog machine. 
 
The panels were properly labeled, and were left in the same location throughout the test.  
The panels were visually inspected after 600 hours of testing (Figure 5).  The panels were also 
inspected at the end of their 1,200 hour test according to ASTM Standard D1654-08 Evaluation 
of Painted or Coated Specimens Subjected to Corrosive Environments.16 Any loose paint was 
removed using a spatula to determine the distance rust had crept under the scribes.16 
 
3.2 UV Humidifier Tests 
 Q-Panel Lab Products QUV Accelerated Weathering Tester was used to test gloss 
retention of the coatings according to ASTM Standard D4587 (Figure 6).13 Test Cycle 2 was 
used to test the panels. The panels were exposed to 4 hours of UV 0.89 W/(m2-nm) with back 
panel temperature of 60°C and 4 hours of humidity without UV exposure for a total of 1650 
hours.13 Coated panels were placed in QUV sample holders, and were only removed in order to 
take gloss measurements (Figure 7). 
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Figure 6. Schematic of UV humidifier. 
 
 
Figure 7. Panels prepared for accelerated exposure in QUV humidifier. 
The sample holders were placed in the QUV tester with their coated front surfaces facing the 
UV lamps (Figure 8). 
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Figure 8. Panels in UV humidifier, panels backs are face up and the coating are facing the UV 
Light. 
 
A BYK Glossmeter was used to track the gloss of the coated panels throughout the 
UV/condensation exposure. Measurements were taken every two weeks using the 60 degree 
gloss measurement. 
  
3.3 Impact Tests  
Impact tests were performed according to ASTM D2794 at the Cal Poly Polymers and 
Coatings Lab.15 A standard one pound weight was lifted and dropped at various heights 
measured in inches. The impact of the weight subsequently deformed the panel. A magnifying 
glass was used to look for cracks in the impacted surface of the coatings.15 Impacted areas 
where cracks were visible were then used to determine the impact force at which the coating 
failed.  Measurements were taken in inch pounds.  
The apparatus consisted of a vertical drop tube with slots to guide the cylindrical weight, 
and a clamp system to hold the sample (Figure 9). The panel was supported by a steel fixture to 
hold it in place as it was deformed. The panels were tested with the coating side up, making an 
intrusion indent in the surface. 
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Figure 9. Schematic of impact testing apparatus.17 
 
 
 
3.4 Environmental Testing 
The environmental testing table was constructed to according to ASTM Standard G7.14 
Panels were placed at the Cal Poly Pier at Avila Beach in March 2013 for atmospheric exposure 
(Figure 10). Panels were checked and taken pictures of every 2-3 weeks. Weather conditions 
for panel placement is located in Appendix D. 
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Figure 10. Panels placed at the Cal Poly Pier on first day of exposure. 
 
 The panel holder was built to hold the panels at a 45° angle, and was placed at the end 
of the Cal Poly Pier where it faced south towards the equator. Additionally, the panels were 
placed so that no shadows would be cast on them when the sun was above 20° on the horizon. 
 
4.0 Results and Discussion 
The results showed that over a relatively short testing period, three coat polyurethane 
systems outperformed two coat polysiloxane systems in gloss retention and corrosion 
resistance in a salt fog and humid environment.  However, both polysiloxane systems 
outperformed the polyurethane systems in impact resistance. 
The International Paint polysiloxane system was recommended as 3 layer system. 
Because the project specifically tested 3 layer polyurethane systems and 2 layer polysiloxane 
systems, the recommended epoxy intermediate was not used in the polysiloxane system. This 
could have attributed to lower performance of the International polysiloxane system.  
 
4.1 Salt Fog Testing 
All of the unscribed panels performed admirably after 1200 hours in the salt fog 
chamber.  There was no observable pinhole rust or blistering in any of the unscribed tested 
panels.   
Corrosion resistance of the coating was judged in scribed panels by the amount of 
corrosion attack at the scribe. Evaluation was performed using ASTM Standard 1654-08 Test 
Method for Evaluation of Painted or Coated Specimens Subjected to Corrosive Environments.16 
A spatula was used to remove the coatings along the scribe to reveal rust creepage and 
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undercutting. Maximum and minimum rust creepage from the scribe as well as overall rust 
creepage lengths were measured. The lengths were used to determine rust creepage (Equation 
1) which was used to rate the panels on a 0 to 10 scale.16 Panels with the most rust creepage 
are rated as 0 with more than 5/8 inches and panels rated a 10 have the least rust creepage of 
0 inches.16  
                                         
2
ww
c c
−
=
                                                          (1)16 
 
PPG Industries 
Table V: Rust Creepage Rating for PPG coatings 
System Rating 
Polyurethane 10 
Polysiloxane 9 
 
 PPG Industries coatings performed admirably with minimal rust and undercutting past 
the scribe. The polyurethane system had rust creepage of 0 giving it a rating of 10 while the 
polysiloxane system had a rust creepage of 0.02 inches providing a rating of 9.  
 
International Paint 
Table VI: Rust Creepage Rating for International Paint Coatings 
System Rating 
Polyurethane 6 
Polysiloxane 4 
  
 International Paint coatings had more undercut and creepage than PPG Industries. The 
polysiloxane system performed moderately worse than the polyurethane coatings. Polyurethane 
had rust creepage of 0.12 inches giving it a rating of 6 while the polysiloxane system had a rust 
creepage of 0.23 inches providing a rating of 4. Notable defects were in International Paint 
polysiloxane samples in which panel 30 had signifcant peeling at the scribe and panel 14 had a 
small blister at the end of the scribe.  
The corrosion observed in the scribed International Paint polysiloxane panels could be 
attributed to the lack of an intermediate epoxy in that particular system. The International Paint 
polysiloxane system used was recommended as a three coat system with an intermediate 
epoxy. Since the project was specifically testing 2 layer polysiloxane systems, the intermediate 
was not used, thus reducing the effectiveness of coating protection. 
 Additionally, the International system used an organic zinc primer while the PPG system 
used an inorganic zinc primer.  This had a great influence on the prevention of undercut 
corrosion in the scribed panels, but did not have a large influence on the unscribed panels in 
which no rust or blistering was observed.  The inorganic zinc helped to prevent rust creepage at 
the scribe. 
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4.2 Accelerated UV Testing 
After 1650 hours of cyclic UV testing, the International Paint polyurethane system had 
higher gloss retention than the International Paint polysiloxane system (Figure 11).  After 600 
hours of testing, the polyurethane system began to show higher gloss retention than the 
polysiloxane system. The gloss retention of both paint systems was above 75%, indicating 
satisfactory gloss retention in both cases.  
 
 
Figure 11. Graph of gloss retention values for International Paint coatings. 
 
The gloss retention of the PPG paint systems also showed a similar trend (Figure 12).  
At the end of 1650 hours of testing, the PPG polyurethane system had slightly higher gloss 
retention than the PPG polysiloxane system.  However, both paint systems had performed well, 
and their gloss retention was above 80%. 
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Figure 12. Graph of gloss retention values for PPG Industries coatings. 
 
After 1650 hours of testing, the polyurethane coatings were outperforming the 
polysiloxane systems.  However, both systems showed exceptional gloss retention, and would 
provide adequate UV protection over a period of less than 10 years.   
Further testing would be needed to determine whether or not the polysiloxane top coats 
do in fact outperform polyurethane top coats over an extended period of testing, 3,000 to 10,000 
hours. 
 
4.3 Impact Testing 
Polysiloxane coatings performed better than the polyurethane coatings in impact testing, 
suggesting they are stronger and more robust than the polyurethanes (Figure 13). Testing was 
done on fresh paint. Panels that have been weather tested before impact testing would provide 
different results. In freshly painted panels, the PPG polysiloxane handily outperformed the PPG 
polyurethane.  The International polysiloxane somewhat outperformed the International 
Polyurethane. 
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Figure 13. Impact test results for polysiloxane and polyurethane coating systems 
 
 
4.4 Environmental Testing 
Two weeks after placing the panels at the pier, a visual inspection showed pinpoint 
rusting rated at rust grade 7-P according to ASTM D610-08R12 Evaluating Degree of Rusting 
on Painted Steel Services on every sample.18 However, after three months of environmental 
testing at the Cal Poly Marine Sciences Pier these pinpoint rust spots had not shown any visible 
increase.  Also, there was no noticeable blistering or delamination of the coatings, indicating 
that the coatings were successfully protecting the substrate metal (Figure 14).   
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Figure 14. Panels after 12 weeks of exposure at the Cal Poly Pier. 
 
The environmental test is going to be continued by the NACE Cal Poly Chapter.  Future results 
will be reported after the coatings have had a longer exposure time. 
 
5.0 Conclusions 
  
1.  The tested polyurethane paint systems provided higher gloss retention than the polysiloxane 
systems over the 1650 hours of testing. 
 
2.  The three coat polyurethane paint systems provided increased protection from rust creepage 
in the scribed panels. 
 
3.  The coatings protected against rust equally in unscribed panels both in accelerated salt fog 
testing and environmental testing. 
 
4.  Polysiloxane coating systems performed better than polyurethane coating systems in impact 
testing. 
 
5.  An inorganic zinc primer will provide increased corrosion protection compared to an organic 
zinc primer. 
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Appendix A: Cost Comparison of Coatings 
 
Table VII. Cost of Coating Per Square Foot at its Maximum Thickness 
Coating Thickness 
(mil) 
Cost ($/ft2) 
Amercoat 68HS 5  .32 
Amercoat 385 8 .31 
Amercoat 450 H 5 .34 
PSX 700 7 .80 
Interzinc 52 3 .35 
Interseal 670HS 8 .15 
Interthane 990 3 .27 
Interfine 878 3 .35 
 
The total cost of each coating system per square foot is: PPG Polyurethane $0.97/ft2 , PPG 
Polysiloxane $1.12/ft2, International Polyurethane $0.77/ft2, International Polysiloxane $.70/ft2. 
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Appendix B: Salt Fog Result Pictures 
 
 Additional pictures are provided for samples before paint was removed (Figures 15-18). 
 
 
Figure 15. PPG polysiloxane panels after salt fog testing. 
 
 
Figure 16. PPG polyurethane panels after salt fog testing. 
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Figure 17. International Paint polysiloxane panels after salt fog testing. 
 
 
Figure 18. International Paint polyurethane panels after salt fog testing. 
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Appendix C: Adhesion Tests 
 
Adhesion tests were tested according to Cross Hatch adhesion ASTM D3359-09 
Standard Test Methods for Measuring Adhesion by Tape Test.19 Test Method A requires an X 
be scribed into the panel while Test Method B requires cross hatch cuts (Figure 19) before 
pressure sensitive tape is applied and removed.19 Both test methods depend on the cuts to be 
made in one motion.19  
However, it was not possible to cut the coating to base metal with one cut and the 
coatings could not be tested for adhesion strength. If additional testing were to be done, a pull 
off test would need to be used to obtain desired results. 
 
 
Figure 19. Crosshatching for ASTM D3359 Adhesion Testing. 
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Appendix D: Environmental Testing 
 
Historical data for weather in Avila Beach is online. Parameters to be noted are temperature, 
dew point, humidty, wind speed, and precipitation (Table VIII). 
 
Table VIII. Average weather data for months panels were tested.20 
Month Mean 
Temperature, C 
Dew Point, C Average 
Morning 
Humidity, %  
Average 
Afternoon 
Humidity, % 
Average 
Precipitation, 
mm 
Average 
Wind Speed, 
km/hr 
Days with 
Precipitation 
March  12 7 86 63 58 20 8 
April 13 7 83 60 28 22 5 
May 14 9 83 61 5 22 2 
June 16 11 85 61 N/A 20 1 
 
 
 
 
